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Description 
Technical Field 

[0001] The present invention relates to radioactive mi- 
crospheres excellent in chemical durability, in particular 
microspheres favorably applicable for treating affected 
regions of a cancer patient by directly irradiating the re- 
gions with a radiation after injecting the radioactive mi- 
crospheres into the patient's body. 

Background Art 

[0002] The therapeutic methods for irradiating affect- 
ed regions with "a radiation for treati ng a cancer have an 
advantage that functional recoveries of organs can be 
expected over surgical methods by which the organs are 
excised. Among the methods described above, use of 
a therapeutic method for directly irradiating tumors with 
a radiation by injecting radioactive microspheres into the 
affected region through the blood-vessel by means of a 
catheter is thought to be promising, sincefi a sufficient 
dosage of radiation can be irradiated to the affected re- 
gion without damaging normal tissues just under the 
surface of the body, as compared with a therapeutic 
method by which the radiation i is irradiated from the out- 
side of the body. . ir :"\ v <V -".'..-** ■ 
[0003] Hbwever,vthe riadioactive microspheres with a 
too large particle size may be detained before they ar- 
rive at the affected region, while those with a too small 
particle size will penetrate through capillary blood ves- 
sels to fail in retaining thehVat the affected region. When 
the microspheres are readily dissolved in the body, on 
the other hand, radioactive elements are transferred to 
other portions in the bodyarid normal cells are also dam- 
aged. A too long half-life also.damages the normal tis- 
sues by emitting radioactive rays after the therapy, and" 
a too short half-life causes a rapid decay of radioactivity 
to make the therapy unavailable. From these situations, 
the microspheres are. required to have a diameter of 1 
to 100 urn, preferably 20 to 30 pm, to be excellent in 
chemical durability, and to have a proper half-life. 
[0004] Materials to be used for the conventional mi- 
crospheres include an. yttria-alumina-silica glass or a 
glass containing a - small amount of phosphorous, 
wherein the non-radioactive element yttrium or phos- 
phorous in the glass is converted into a p-emitter yttrium 
or phosphorous by irradiating slow neutrons (Japanese 
Patent Application Publication No. 6-62439). The glass 
named as YAS-4 in the patent publication and having a 
composition ratio of Y 2 0 3 : Al 2 0 3 : Si0 2 = 40 : 20 : 20 
in % by weight (Y 2 Q 3 : Al 2 0 3 : SiQ 2 = 19 : 17 : 64 in 
mol%) has a most excellent chemical durability among 
the substances disclosed in the patent, and the micro- 
spheres having a proper particle size can be manufac- 
tured by a usual melting method.' 
[0005] Since p-emitter yttrium has a half-life as short 
as 64.1 hours, its radioactivity is remarkably decayed 



during transportation to a hospital after irradiating neu- 
trons' in a nuclear reactor. Accordingly, it is required for 
using the glass microspheres described in Japanese 
Patent Application Publication No. 6-62439 that the 
glass spheres contain as much yttria as possible. 
[0006] However, the content of yttria is naturally re- 
stricted within a range capable of forming a glass,, since 
the microspheres described in the patent publication is 
formed after manufacturing the glass. Since a large 
quantity of lactic acid is secreted at the tumors, t pH in 
the vicinity of the microspheres is conjectured to be sub- 
stantially low. The glass described jn the patent ^publi- 
cation above has a tendency that its chemical durability., 
decreases as the content of yttria turns out to be high. 
[0007] Phosphorous is also converted from a non-ra- 
dioactive element to a p-emitter as in the case of yttrium 
by irradiating with slow neutrons.' The'p-emitter phos- 
phorous has a considerably longer half-life of 14.3 days. 
[0008] However, a glass containing a large quantity of 
phosphorous while being excellent in chemical durabil- 
ity has not been developed yet. Phosphorous in the cur- 
rently available glass containing a large quantity of 
phosphorous is rapidly dissolved out of the glass in the 
'•body. v -. r " 

[0009] Accordingly, the object of the present invention 
is to provide 'microspheres 7 being excellent in chemical 
durability, emitting a radiation for a long period of time 
in the body, and having a diameter of 1 to fbo um. 

Disclosure of Invention " 

[0010] Radioactive microspheres for attaining the ob- 
ject of the present invention comprise hot less than 99% 
by weight of an oxide crystal containing 47% by weight 
or more of radioactive yttrium, and the balance of inev- 

. itable impurities. 

[0011] The conventional yttria-alumina-silica glass 
(with a composition ratio of Y 2 0 3 : Al 2 0 3 : Si0 2 = 40 : 
20 ; 40 in % . by weight) contains yttrium in a proportion 
of 31 .5 % by weight (40. x 88.91 x 2/225,82), On the 
contrary, the radioactive microspheres according to the 
present invention having the composition as described 
above contain yttrium in a proportion of 47% x 0.99 = 
46.5 % by weight or more, which is by 1.47 times as 
much as the yttrium content in the conventional glass. 
Accordingly, the remaining content of radioactive yttrium 
amounts 1.47 times as high as the radioactive yttrium 
in the conventional glass even after the half-life. 
[0012] Since the weight fraction of yttrium in yttria is 
88.9 x 2/225.82 when the oxide crystal is represented 
by Y 2 0 3 , the yttrium content is 78 % by weight or more, 
which is 2.47 times as high as the yttrium content in the 
conventional glass. Accordingly, a radiation with a dos- 
age by 2.47 times as large as that of the conventional 
glass can be irradiated on the affected region. 
[0013] The oxide crystal may be YP0 4 , or a mixture 
of Y 2 0 3 and YP0 4 . While the lower limit of the yttrium 
content in the entire microspheres decreases to 48 % 
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by weight when the oxide crystal is represented by 
YP0 4 , the Y content remains to be higher than the con- 
ventional glass. Furthermore, since phosphorous hav- 
ing a substantially longer half-life is involved in place, 
radioactivity is additionally increases. 
[001 4] The radioactive microspheres according to the 
present invention may be coated with a film comprising 
at least one of the compounds selected from silica 
(Si0 2 ), titania .(TIO2), alumina (Al 2 0 3 ), iron (III) oxide 
(Fe 2 0 3 ), silicon nitride (Si 2 N 3> SiN, SigN^, aluminum ni- 
tride (AIN), titanium nitride (TIN); iron nitride (Fe 2 N, 
Fe 4 N) f silicon carbide (SiC) and titanium carbide:(TiC). 
Since these coating films do not emit harmful a- or y-ray 
after irradiating with neutrons while having ah acid re- 
sistant property, the radioactive ejements are not dis- 
solved in the strongly acidic body fluid at the tumors to 
enable a long irradiation of the tumor with the radiation. 
The preferable thickness of the coating film is 0.01 to 5 
. \im. When the thickness is less than 0.01 41m, erosion 
of acids is not effectively prevented while, when the 
thickness exceeds 5 prn, the proportion of yttrium in the 
entire microspheres becomes too small. Silica is the 
most preferable material for forming the coating film. 
[0015] An appropriate method for manufacturing the 
microspheres according to the present invention is as 
follows. 

[0016] ... At first, an oxide powder as a starting material 
containing yttrium, or yttrium and phosphorous, is melt- 
ed by allowing the powder to pass through a thermal- 
plasma to obtain microspheres containing non-radioac- 
tive yttrium (or yttrium and phosphorous). The powder 
material can be melted, for example, by allowing it to 
pass through a thermal-plasma -or Jaser beam. Yttria 
may be efficiently formed into spheres by the high tem- 
perature of the thermal-plasma, and phosphorous com- 
ponents in yttrium phosphate is not decomposed since 
the thermaliplasma is a heat source that does not use 
reactive gases such as oxygen and steam . However, the 
heating means are not restricted to the thermal-plasma 
and laser beam. Then, .yttrium (or yttrium and phospho- 
rous) is (are) turned into a radioactive element (ele- 
ments) by irradiating with an effective dosage of neu- 
trons. In order to enhance chemical durability, it is rec- 
ommended to heat the microspheres in an oxidizing at- 
mosphere before irradiating with the neutrons. 
[0017] For forming the oxide coating film on the sur- 
face, the microspheres and a starting material of the 
coating film are placed in a plasma polymerization ap- 
paratus to form the coating film on the surface of the 
microspheres by plasma polymerization, followed by ir- 
radiating an effective.dosage of neutrons to yttrium (or 
yttrium and phosphorous). Si, Ti, Al, Fe, O, N and C con- 
stituting the coating film are preferable as the coating 
film materials since they do not emit harmful radiation 
(a-ray and y-ray) by being irradiated with neutrons. 
While plasma polymerization is one example of the 
methods for forming the coating film, other methods 
such as a sputtering method, a vacuum deposition 



method, a deposition method from solution, a chemical 
vapor deposition method, a molecular beam epitaxy 
method, ion-beam vapor deposition method and a sol- 
gel method may be used. 
5 . ".-,■•: * . . 

Brief Description of the Drawings 

[0018] 

10 Fig. 1 describes a condition for forming the coating 
film on the substrate by plasma polymerization. 
Fig. 2 shows a SEM photograph for observing the 
spherical shapes of the microspheres before and 
after forming the coating film. 

Best Mode for Carrying Out the Invention 

. EXAMPLE 1 , 

20 [0019] A fine powder containing 99.9 % by weight of 
yttria was melted with a. high frequency induction ther- 
mal-plasma under the following condition to form into 
spheres. 

Powder feed carrier gas: Ar 5L/min 
25 Plasma gas composition: Ar 90 L/min + 0 2 5L/min 

High frequency generator: anode input 40 kW, 
output frequency 4 MHz 
[0020] A group of the microspheres were dispersed 
in ultra pure water with a specific conductance of 1 8 M Q • 
30 cm; and classified with a nylon sieve to obtain micro- 
spheres containing not less than 99 % by weight of-Y 2 0 3 
and having a diameter of 20 to 30 ^m: The microspheres 
obtained were subjected to the following chemical du- 
rability test. 

35 [0021] The microspheres (0.2g) were placed in a poly- 
propylene bottle together with 20 ml of distilled water 
and, while maintaining the; water temperature at 95° C 
in an oil bath, the bottle was shaken for days with a 
stroke length of 3 cm at a speed of 1 20 strokes/m in. After 

40 filtering the solution, the yttrium content in the filtrate 
was assayed by a high frequency inductively coupled 
plasma atomic emission spectrometry (ICP). The result 
showed that the proportion of dissolved yttrium is 1 ppm 
or less. ^ 

45 . ; v . .... ■ . 

COMPARATIVE EXAMPLE ! , 

[0022] The chemical durability test was carried out un- 
der the same condition as in Example 1 , except that a 

so glass with axomposition ratio of Y 2 O a : AI 2 O a : Si0 2 = 
40 : 20 : 20 was used for the radioactive microspheres, 
in place of the microspheres in Example 1. The result 
showed that the proportion of dissolved yttrium is 6 ppm. 
[0023] A comparison of the result in Example 1 with 

55 the result in Comparative Example 1 shows that the mi- 
crospheres comprising yttria according to the present 
invention are superior to the glass microspheres in 
chemical durability. . 
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EXAMPLE 2 

[0024] Microspheres containing 99 % by weight or 
more of YP0 4 and having a diameter of 20 to 30 pm 
were manufactured by the same method as in Example 
1 for manufacturing the yttria microspheres. These mi- 
crospheres were heated at 900°C in the atmosphere for 
four hours. 

[0025] The microspheres after heating were subject- 
ed to the same chemical durability test as in Example 1 . 
The result showed that the proportion, of dissolved yt- 
trium and (dissolved ph osphorous were 1 .2 ppm an d 1 . 7 
ppm, respectively. When the same chemical durability 
test was applied to the microspheres before heating in 
the atmosphere, the proportion of dissolved yttrium and 
dissolved phosphorous were 0.73 ppm and 85 ppm, re- 
spectively. , 

[0026] Accordingly, it was made clear that chemical 
durability is remarkably improved by heat treating the 
microspheres comprising the.oxide crystal according to 
the present invention, even when the microspheres con- 
tain phosphorous that is liable to be readily dissolved 
out. 

EXAMPLE 3 _ f 

[0027] Microspheres (0.6g) obtained by the same 
manufacturing method as in Example 1 and containing 
99 % by weight or more of Y 2 6 3 with a diameter of 20 
to 30 um were placed jn a polystyrene container with a 
size of 20 * 20 x 5 mm 3 . The container was placed in a 
plasma polymerization apparatus (Moldel BP-2, made 
by Samco International Research Laboratories, Co.) as 
shown in Fig. 1 to coat the surface of the microspheres 
with a Si0 2 film Tetraethoxy silane (made by Shinetsu 
Chemical Industry/Co.) was used as the starting mate- 
rial of Si0 2 , oxygen was used as the reactive gas, and 
argon was used as a carrier gas. The conditions 1 in this 
example were:- inner pressure of the reaction chamber 
- 0.6 Torr;<output - 1 .0;w • cm" 2 ; oxygen gas flow rate - 
200 ml/min* 1 , argon gas flow rate - 20 ml/min" 1 ; and elec- 
trode temperature - 20?C. For uniformly coating the en- 
tire surface of the microspheres, the film deposition time 
was adjusted to 15 minutes per one film deposition run, 
the polystyrene container was shaken after the first film 
deposition run, and the film^depbsition process was re- 
peated again. The film deposition was repeated 4 times 
in total. > ^ ^ , . ; 

[0028] The microspheres coated with the Si0 2 film 
were observed under a scanning electron microscope 
(SEM, Model S-2500CX, : made by Hitachi, Ltd.) to com- 
. pare the coated microspheres with those before coating. 
The result in Fig. 2 showed that the shape was not 
changed even after coating, indicating that the coating 
film can be formed on the surface without changing the 
shape of the microspheres. 

[0029] The microspheres with the coating film was 
subjected to the chemical durability test under the same 



condition as in Example 1 , showing that the proportion 
of dissolved yttrium was 1 ppm or less. 

EXAMPLE 4 

[0030] The chemical durability-test was applied to the 
microspheres with the coating film in Example 3 by the 
same condition as in Example 3, except that a buffer 
solution with pH 4 (0.05 M potassium hydrogen phtha- 
10 late (C6H 4 (COOK)(COOH)) was used in place of dis- 
tilled water. The*assay result showed that the proportion 
of dissoryed yttrium was 3 ppm. »' 

REFERENCE EXAMPLE: 

[0031 ] '■ The chemical durability test was applied to the 
microspheres used in Example 1 under the same con- 
dition as in Example 4 without forming the coating film. 
The result showed that the' proportion of dissolved yt- 
20 trium reaches 120 ppm. > 

COMPARATIVE EXAMPLE 2 

[0032] The chemical durability test was applied to the 
25 glass microspheres used in Comparative Example 1 un- 
der the same condition as used in Example 4. The assay 
result showed that the proportion of dissolved' yttrium 
was 1.59 x 10 3 ppm. 

[0033] Comparisons of the results in Examples 3 and 
30 4 with the results in Reference' Example and Compara- 
tive Example 2 showed that acid resistance remarkably 
increases by forming the coating film on the surface of 
theYnicrospheres. 

35 Industrial Applicability 

[0034] - The radioactive microspheres -of the present 
invention as hitherto described contains a high concen- 
tration of radioactive elements that are hardly dissolved. 
40 Accordingly, the microspheres are useful as~a medical 
material for treating tumors 'by direct irradiation of radi- 
ation by embedding the rfiicrdspheres in the vicinity of 
the tumors. r 

45 ...... \ ■ ^ ■ 

Claims 

1 . A radioactive microsphere comprising riot less than 
99% by weight of an oxide crystal containing 47% 

so by weight or more of radioactive yttrium; and the 
balance of inevitable impurities. 

2. The radioactive microsphere according to claim 1 , 
wherein the oxide crystal consists essentially of 

55 Y 2 0 3 . 

3. The radioactive microsphere according to claim 1 , 
wherein the oxide crystal consists essentially of 
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YP0 4 , or a mixture of Y 2 O a and YP0 4 . 

4. The radioactive microsphere according to claim 1 , 
wherein the microsphere has a diameter of 1 to 1 00 
|xm. 5 

5. The radioactive microsphere according to claim 1 , 
wherein the microsphere has a diameter of 20 to 30 
um 

10 

6. The radioactive microsphere according to any one 
of claims 1 to 5, wherein the microsphere is coated 
with a film comprising at least one of the compounds 
selected from silica (Si0 2 ), titania (n0 2 ), alumina 
(Al 2 0 3 ), iron (III) oxide (Fe 2 0 3 ), silicon nitride 15 
(Si 2 N 3 , SiN, SigNJ, aluminum nitride (AIN), titanium 
nitride (TIN), iron nitride (Fe 2 N, Fe 4 N), silicon car- 
bide (SiC) and titanium carbide (TiC). 

7. The radioactive microsphere according to claim 6, 20 
wherein the film has a thickness of 0.01 to 5 u/n. 



8. A method of producing a radioactive microsphere, 
the method comprising preparing a microsphere 
comprising not less than 99% by weight of an oxide 25 
crystal containing 47% by weight or more of non- 
radioactive yttrium, and the balance of inevitable 
impurities through meiting of a starting material, fol- 
lowed by irradiating with an effective dosage of slow 
neutrons to turn non-radioactive yttrium into a radi- 30 
oactive element. 



9. A method of producing a radioactive microsphere, 
the method comprising preparing a microsphere 
comprising not less than 99% by weight of an oxide 35 
crystal containing 47% by weight or more of non- 
radioactive yttrium and an amount of phosphrous, 
and the balance of inevitable impurities through 
melting of a starting material, followed by heating 
the microsphere in an oxidizing atmosphere and 40 
then irradiating with an effective dosage of slow 
neutrons to turn non-radioactive yttrium into a radi- 
oactive element. . ; 

10. The method according to claim 8 or 9, further com- 45 
prising coating the microsphere with a film after pre- 
paring the rriicrosphere or heating in the oxidizing 
atmosphere and before irradiating with an effective 
dosage of slow neutrons, the film comprising at 
least one of the compounds selected from silica 50 
(Si0 2 ), titania (Ti0 2 ), alumina (Al 2 0 3 ), iron (III) ox- 
ide (Fe 2 0 3 ), silicon nitride (Si 2 N 3 , SiN, Si 3 N 4 ), alu- 
minum nitride (AIN), titanium nitride (TIN), iron ni- 
tride (Fe 2 N, Fe 4 N), silicon carbide (SiC) and titani- 
um carbide (TiC). 55 
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